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(54) Variable displacement com pressor and displacement control valve for variable displacement 
compressor 



(57) A valve element 21 controlling refrigerant flow 
from a discharge chamber into a pressure-regulating 
chamber by reducing discharge pressure Pd to pressure 
Pel , and a valve element 22 controlling refrigerant flow 
under pressure Pc2 from the pressure-regulating cham- 
ber into a suction chamber open and close in an inter- 
locked fashion. A solenoid section applies solenoid 
force corresponding to a predetermined differential 
pressure valve to valve elements 21 , 22. Either valve 
element21 fully opens, while valve element 22 fully clos- 
es, or valve element 21 fully closes, and valve element 
22 fully opens. Transitions between operating capacities 
can be performed rapidly. Valve element 21 is integral 
with a central shaft 25 for sensing pressure. Valve ele- 
ment 22 abuts the central shaft. The difference between 
the pressure- receiving areas of the valve elements 21 , 
22 and of the central shaft 25 is small to achieve a small 
effective pressure- receiving area for the valve elements 
21, 22 to reduce the solenoid force for controlling the 
valve elements 21 , 22. 



Pc2 



<r3o 




-42 



FIG. 2 
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Description 

[0001] This invention relates to a variable displace- 
ment compressor according to the preamble of claim 1 
and to a displacement control valve accordingto the pre- 
amble part of claim 7. 

[0002] A compressor in a refrigeration cycle for an au- 
tomotive air conditioner is driven by the engine. The 
compressor speed cannot be controlled individually. For 
this reason, a variable displacement compressor is em- 
ployed, the compression displacement of which is vari- 
able to obtain an adequate refrigerating displacement 
without dependence from the speed of the engine. In 
the compressor, pistons are connected to a wobble plate 
fitted on a shaft driven for rotation by the engine. The 
inclination angle of the wobble plate on the shaft is var- 
iable to change the piston stroke length for changing the 
delivery quantity. 

[0003] The inclination angle of the wobble plate is 
continuously changed by introducing a part of com- 
pressed refrigerant into a pressure-regulating chamber 
and varying the pressure of the introduced refrigerant, 
thereby changing a balance between pressures applied 
to opposite sides of each piston. 

[0004] A conventional compression displacement 
control device disclosed e.g. in JP 2001-132650 A has 
a solenoid control valve arranged between a discharge 
port and a pressure-regulating chamber or between the 
discharge port and a suction port of the compressor. 
This solenoid control valve opens and closes the com- 
munication such that the differential pressure across the 
solenoid control valve is maintained at a predetermined 
value set by a current value for the solenoid. When the 
engine rotational speed increases, the pressure intro- 
duced into the pressure-regulating chamber is in- 
creased to reduce the displacement for compression. 
When the engine rotational speed decreases, the pres- 
sure introduced into the pressure-regulating chamber is 
reduced to increase the displacement for compression. 
The pressure of refrigerant discharged from the com- 
pressor is maintained at a constant level. 
[0005] The refrigerant used in a refrigeration cycle of 
an automotive air conditioner is a chlorofluorocarbon al- 
ternative (e.g. HFC- 134a). Recently developed refriger- 
ation cycles use refrigerants like carbon dioxide to per- 
form refrigeration in a supercritical region where the 
temperature of the refrigerant is above its critical tem- 
perature. 

[0006] The solenoid control valve has to maximize the 
amount of refrigerant introduced into the pressure-reg- 
ulating chamber to minimize operating displacement. If 
the size of the valve is small, the amount or flow rate of 
refrigerant introduced is small, and the transition period 
to the minimum displacement operation takes a relative- 
ly long time, which degrades controllability of the com- 
pressor, if the size of the valve is increased to increase 
the amount of refrigerant introduced, the effective pres- 
sure-receiving area of the valve is also increased, and 
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hence a large solenoid force is required to control the 
valve, i.e. to open it against the pressure acting on the 
pressure-receiving area. Particularly with carbon diox- 
ide refrigerant the discharge pressure becomes very 

5 high, since it is increased to the supercritical region. 
Then the solenoid force controlling the valve needs to 
be large. A high solenoid force requires a huge solenoid 
which is heavy and costly and undesirably increases the 
size of the solenoid valve. 

10 [0007] It is an object of the present invention to pro- 
vide a variable displacement compressor and a dis- 
placement control valve for the variable displacement 
compressor which are capable of performing transitions 
between extreme operating capacities in a short time 

15 and do not need a large solenoid. 

[0008] The present invention provides a variable dis- 
placement compressor, characterized in that a flow rate 
of the refrigerant flowing in a first refrigerant passage 
extending from the discharge chamber to the pressure- 

20 regulating chamber and a flow rate of the refrigerant 
flowing in a second refrigerant passage extending from 
the pressure- regulating chamber to the suction cham- 
ber are controlled in an interlocked fashion such that the 
first refrigerant passage and the second refrigerant pas- 

25 sage are opened and closed, based on a change in a 
differential pressure between pressure in the suction 
chamber and pressure in the discharge chamber. 
[0009] When controlling the operating displacement 
to the minimum, it is possible to open in an interlocking 

30 fashion the communication via the first refrigerant pas- 
sage to the maximum and to close the second refriger- 
ant passage, whereas in controlling the operating dis- 
placement to the maximum, it is possible to close in an 
interlocking fashion the first refrigerant passage and to 

35 open the communication via the second ref rigerant pas- 
sage to the maximum. As a result, when control to the 
minimum operating displacement is performed, intro- 
duction of refrigerant from the pressure- regulating 
chamber into the suction chamber is inhibited, -and at 

40 the same time refrigerant is introduced at a maximum 
flow rate from the discharge chamber into the pressure- 
regulating chamber whereas when control to the max- 
imum operating displacement is performed, introduction 
of refrigerant from the discharge chamber into the pres- 

45 sure-regulating chamber is inhibited, and at the same 
time refrigerant is introduced at a maximum flow rate 
from the pressure- regulating chamber into the suction 
chamber. Therefore, time for transition to the minimum 
or maximum operating displacement can be shortened 

so considerably. 

[0010] To achieve a rapid transition e.g. to the mini- 
mum operating displacement by a compact solenoid 
with relatively small solenoid force, even with large sized 
valves, at least the valve closing the first passage is sig- 

55 nificantly pressure relieved with respect to the high dis- 
charge chamber pressure, such that the solenoid force 
only has to overcome a small differential force which is 
set independent from the actual valve size. 
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[0011] The displacement control valve controls the 
amount or flow rate of refrigerant introduced from a dis- 
charge chamber into a pressure-regulating chamber, 
such that a differential pressure between pressure in the 
suction chamber and pressure in the discharge cham- 5 
ber are maintained at a predetermined differential pres- 
sure value, to thereby change the amount of the refrig- 
erant discharged from the variable displacement com- 
pressor, and is characterized by first and second valve 
elements operated in an interlocked fashion for opening 10 
and closing a refrigerant passage extending between 
the discharge chamber and the pressure-regulating 
chamber and a refrigerant passage extending between 
the pressure-regulating chamber and the suction cham- 
ber, respectively, and by a solenoid section for applying 15 
a solenoid force corresponding only to the predeter- 
mined differential pressure valve to the first and second 
valve elements. 

[0012] The valve elements operate in an interlocked 
fashion, such that in controlling the operating displace- 20 
ment of the variable displacement compressor e.g. to 
the minimum, the second valve closes between the 
pressure-regulating chamber and the suction chamber, 
and the first valve opens to a maximum valve opening 
degree between the discharge chamber and the pres- 25 
sure-regulating chamber, whereas in controlling the op- 
erating displacement of the variable displacement com- 
pressor to the maximum, the second valve opens to a 
maximum valve opening degree between the pressure- 
regulating chamber and the suction chamber, and the 30 
first valve closes between the discharge chamber and 
the pressure-regulating chamber. When controlling to 
the minimum operating displacement, introduction of re- 
frigerant from the pressure-regulating chamber into the 
suction chamber is inhibited, and at the same time re- 35 
frigerant is introduced at a maximum flow rate from the 
discharge chamber into the pressure-regulating cham- 
ber, whereas when controlling to the maximum operat- 
ing displacement, introduction of refrigerant from the 
discharge chamber into the pressure-regulating cham- 40 
ber is inhibited, and at the same time refrigerant is in- 
troduced at a maximum flow rate from the pressure-reg- 
ulating chamber into the suction chamber. The time 
needed for the transition to the minimum or maximum 
operating displacement can be significantly shortened. 45 
[001 3] Large sized valves can be provided to achieve 
high maximum flow rates, when, e.g. like in one pre- 
ferred embodiment, a central shaft is axially movably 
held by a holder fluidly separating the valve elements 
from each other and having a smaller pressure-receiv- so 
ing area than the valve elements provided on opposite 
ends of the central shaft to which the first valve element 
is fixed by an end shaft thinner than the central shaft, 
while another thin end shaft abuts at the second valve 
element. The discharge pressure from the discharge 55 
chamber is applied between the first valve element and 
the central shaft. The suction pressure from the suction 
chamber is applied between the second valve element 



and the central shaft. At the same time, a downstream 
side of the first valve element and a upstream side of 
the second valve element communicate with the pres- 
sure-regulating chamber by two independent passages. 
[0014] Both valve elements receive on opposite sides 
the same pressure from the pressure-regulating cham- 
ber, whereby the influence of the pressure from the pres- 
sure-regulating chamber is cancelled. Only a small dif- 
ferential force (expressed by the product of the differ- 
ence between the pressure-receiving areas of the first 
(second) valve element and the central shaft and a dis- 
charge (suction) pressure) acts on the first (second) 
valve element. Therefore, even if the size of each valve 
(of the valve element and the valve seat) is increased 
to increase the amount or flow rate of refrigerant allowed 
to flow when the operating displacement is to be 
changed, the respective active pressure-receiving are- 
as of the first and second valve elements remain small, 
irrespective of the actual sizes of the valves, by reducing 
the difference between the pressure- receiving areas of 
the valve elements and the central shaft. Only a small 
solenoid force is needed to overcome the small differ- 
ential force, which allows to downsize the solenoid sec- 
tion. 

[0015] Embodiments of the invention will be de- 
scribed with reference to the drawings. In the drawings 

is: 

Fig. 1 a cross-sectional view of a variable displace- 
ment compressor having a displacement con- 
trol valve, 

Fig. 2 a central longitudinal cross-sectional view of a 
first embodiment of the displacement control 
valve of Fig. 1 , 

Fig. 3 a cross-sectional view of a variable displace- 
ment compressor having another displace- 
ment control valve, 

Fig. 4 a central longitudinal cross-sectional view of a 
second embodiment of the displacement con- 
trol valve of Fig. 3, 

Fig. 5 a central longitudinal cross-sectional view of a 
third embodiment of the displacement control 
valve, 

Fig. 6 a cross-sectional view of a variable displace- 
ment compressor having another displace- 
ment control valve, 

Fig. 7 a central longitudinal cross-sectional view of a 
displacement control valve of Fig . 6, and of the 
fourth embodiment, and 

Fig. 8 a central longitudinal cross-sectional view of a 
fifth embodiment of the displacement control 
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valve. 

[001 6] The variable displacement compressor of Fig. 
1 , e.g. of a refrigeration cycle of an automotive air-con- 
ditioning system, includes an airtight pressure-regulat- 
ing chamber 1 and a rotatably supported rotational shaft 
2 one end of which carries a pulley 3 connected with an 
output shaft of an engine via a clutch and a belt. A wob- 
ble plate 4 is fitted on the rotational shaft 2 such that the 
inclination angle of the wobble plate 4 can be changed. 
A plurality of cylinders 5 (only one of which is shown in 
the figure) are arranged around the axis of the rotational 
shaft 2. Each cylinder 5, receives a piston 6 and is con- 
nected to a suction chamber 9 and a discharge chamber 
1 0 via a suction relief valve 7 and a discharge relief valve 
8, respectively. The suction chambers 9 communicate 
with each other to form one chamber which is connected 
to an evaporator. The discharge chambers 1 0 commu- 
nicate with each other to form one chamber which is 
connected to a gas cooler or a condenser. 
[0017] A displacement control valve 11 comprising 
two valves is arranged at intermediate portions of a re- 
frigerant passage 10a, 10b extending from the dis- 
charge chamber 1 0 to the pressure-regulating chamber 
1 and a refrigerant passage 1a, 1b between the pres- 
sure-regulating chamber 1 and the suction chamber 9. 
There are formed orifices 12,13 between the discharge 
chamber 1 0 and the pressure-regulating chamber 1 and 
between the pressure-regulating chamber 1 and the 
suction chamber 9, respectively. The orifices 12, 13 may 
be formed in the compressor body or in the displace- 
ment control valve 11 . 

[001 8] Rotation of the wobble plate 4 causes recipro- 
cal g motions of the pistons 6. Refrigerant within the 
suction chamber 9 is drawn into the cylinder 5, and is 
compressed and then delivered to the discharge cham- 
ber 10. 

[0019] During normal operation, responsive to a dis- 
charge pressure Pd within the discharge chamber 10, 
the displacement control valve 11 controls the amount 
of refrigerant introduced into the pressure-regulating 
chamber 1 (the pressure in the pressure-regulating 
chamber 1 at the time is represented by Pel) and the 
amount of refrigerant introduced from the pressure-reg- 
ulating chamber 1 into the suction chamber 9 (the pres- 
sure in the pressure-regulating chamber 1 at the time is 
represented by Pc2) in an interlocking fashion, such that 
a predetermined differential pressure value is main- 
tained between the discharge pressure Pd and a suction 
pressure Ps. The pressure Pc (= Pel = Pc2) in the pres- 
sure-regulating chamber 1 is held at a predetermined 
value, and the displacement in the cylinder 5 is control- 
led to a predetermined value. 

[0020] For performing transition to a minimum dis- 
placement operation the displacement control valve 11 
fully opens one of its two valves which serve to introduce 
refrigerant from the discharge chamber 1 0 into the pres- 
sure-regulating chamber 1 and fully closes the other 
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valve which serves to introduce refrigerant from the 
pressure-regulating chamber 1 into the suction chamber 
9. By this action the time for increasing the pressure Pc 
(= Pel) in the pressure-regulating chamber 1 is short- 

5 ened. Although then the displacement control valve 11 
fully closes the refrigerant passage extending from the 
pressure-regulating chamber 1 to the suction chamber 
9, a minute flow will take place via orifice 13. 
[0021] To adjust the maximum displacement opera- 
te tion the displacement control valve 11 fully closes the 
one valve provided for introducing refrigerant from the 
discharge chamber 10 into the pressure- regulating 
chamber 1 and fully opens the other valve provided for 
introducing refrigerant from the pressure-regulating 

is chamber 1 into the suction chamber 9, so as to maxi- 
mize the amount or flow rate of refrigerant introduced 
from the pressure-regulating chamber 1 into the suction 
chamber 9. This action shortens the time for reducing 
the pressure Pc (= Pc2) in the pressure-regulating 

20 chamber 1 . Although the displacement control valve 11 
fully closes the refrigerant passage 1 0a, 1 0b still some 
refrigerant passes the orifice 1 2, such that lubricating oil 
mixed into the refrigerant is supplied to the pressure- 
regulating chamber 1 . 

25 [0022] The first embodiment of the displacement con- 
trol valve 11 of Fig. 2 comprises two integrally formed 
valve elements 21 , 22 operating in an interlocked fash- 
ion, i.e. they are coupled to each other by a form-fit when 
alternatingly opening or closing their respective valve 

30 seats. A central shaft 25 is axially guided by a holder 24 
in a central opening portion of a body 23. Shaft 25 has 
thinned end shafts 26, 27. Valve element 21 is integrally 
formed with the end shaft 26. Valve element 22 is in 
abutment with the upper thin end shaft 27. The central 

35 shaft 25 has a pressure- receiving area smaller than the 
pressure-receiving areas of the valve elements 21 , 22 
and forms a pressure-sensing portion. Further, central 
shaft 25 is formed with a reduced diameter portion be- 
tween both end shafts 25, 26, on which a packing 30 e. 

40 g. of polytetrafluoroethylene, is fitted. 

[0023] A valve seat 28 for the valve element 21 is 
formed by the lower end of the body 23. The valve seat 
28 is the mouth of a valve hole of an inner diameter 
slightly larger than the inner diameter of the holder 24. 

45 [0024] A valve seat 29 for the valve element 22 direct- 
ly is formed by the upper end of an inner bore of the 
holder 24. The valve seat 29 is the mouth of a valve hole 
of an inner diameter slightly larger than the inner diam- 
eter of the bore portion of the holder 24 holding the cen- 

50 tral shaft 25. The valve element 22 is biased in valve- 
closing direction by a spring 32 abutting at a spring-re- 
ceiving member 31 . 

[0025] The body 23 is fitted in an upper opening of a 
body 33. The body 33 contains a fixed core 34 and an 
55 outer sleeve 35 of a solenoid section. The fixed core 34 
has a central opening portion axially guiding a shaft 36. 
The lower end of the shaft 36 is axially guided by a guide 
38 arranged in a stopper 37 closing the lower end of the 
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sleeve 35. A movable core 39 is fitted on the lower por- 
tion of the shaft 36. A movable core upper end is held 
in abutment at a stopper ring 40 fitted on the shaft 36, 
and is urged upward by a spring 41 abutting at the guide 
38. The sleeve 35 is surrounded by a solenoid coil 42. 
[0026] The body 23 has a lateral hole 43a communi- 
cating with a central space 43b through which the thin 
end shaft 26 extends. The hole 43a forms at least one 
port 43 receiving discharge pressure Pd from the dis- 
charge chamber 10. A strainer 47 covers the port 43. 
The body 23 has a further hole 44a communicating with 
a central space 44b through which the thin end shaft 27 
extends. The hole 44a forms at least one port 44 receiv- 
ing suction pressure Psfrom the suction chamber 9. The 
body 33 has a hole 45a communicating with a space 
45b in which the valve element 21 is arranged. The hole 
forms a port 45 for pressure Pel to the pressure- regu- 
lating chamber 1 . The spring-receiving member 31 has 
an axial hole 46a communicating with a space 64b in 
which the valve element 22 is arranged. The hole 46a 
forms a port 46 for pressure Pc2 from the pressure-reg- 
ulating chamber 1 . A strainer 47a is mounted on a distal 
end of the body 23. The body 23 has O-rings 48, 49 at 
locations above and below the port 44, while the body 
33 has O-rings 50, 51 at locations above and below the 
port 45. 

[0027] The discharge pressure Pd from the discharge 
chamber 1 0 acts via port 43 on the central shaft 25 and 
on the valve element 21 in opposite axial directions. 
When the effective pressure-receiving area of the valve 
element 21 is represented by A, and that of the central 
shaft 25 by B, a force of Pd • A acts downward, on the 
valve element 21, while a force of Pd • B acts upward, 
as viewed in the figure, on the central shaft 25. Between 

V < the effective pressure-receiving area A of the valve el- 
ement 21 and the effective pressure-receiving area B of 
the central shaft 25, A > B holds, and hence, after all, a 
force of Pd (A — B) acts on the valve element 21 and 

. » \-> the central shaft 25 in the downward di rection , as viewed 
in the figure, for opening the valve. The area difference 
(A — B) e.g. may correspond to the effective pressure- 
receiving area of the conventional valve element, and 
conventionally, the possible flow rate of refrigerant is 
limited by nature by the effective pressure-receiving ar- 
ea. According to the present invention, however, al- 
though the large sized valve element 21 has a large ef- 
fective pressure-receiving area A allowing an increased 
amount or flow rate of refrigerant, the force acting on the 
valve element 21 in the valve-opening direction is limited 
to the small differential force Pd (A — B). Further, since 
the pressures Pel , Pc2 (Pel = Pc2) in the pressure-reg- 
ulating chamber 1 are axially applied to the valve ele- 
ments 21 , 22 from respective opposite sides via the re- 
spective ports 45, 46, the influence of the pressure Pc 
upon the valve element 21 is canceled. Thus, the central 
shaft 25 has a different pressure-receiving area than the 
integrally formed valve element 21. This makes it pos- 
sible to provide a valve having the small pressure-re- 



ceiving area of (A — B), irrespective of the actual valve 
size, always provided that area B is somewhat smaller 
than area A. 

[0028] The force of Ps (A — B) acts on the valve el- 
5 ement 22 and the central shaft 25 in the valve-opening 
direction. The pressures Pel , Pc2 (Pel = Pc2) are axi- 
ally applied to the valve elements 21 , 22 integral with 
each other (coupled by central shaft 25) from the oppo- 
site sides, which cancels the influence of the pressure 
10 Pc upon the valve element 22. The ratio between the 
effective pressure-receiving areas of the valve element 
22 and the central shaft 25 is set equal to the ratio be- 
tween the effective pressure-receiving areas of the 
valve element 21 and the central shaft 25. As a result, 
15 both valve elements 21 , 22 constitute a differential pres- 
sure valve operating in response to a differential pres- 
sure between the discharge pressure Pd and the suction 
pressure Ps. 

[0029] The pressure Pel at port 45 is supplied to a 

20 gap between the sleeve 35 and the movable core 39 
and to a gap between the movable core 39 and the stop- 
per 37 via a clearance between the fixed core 34 and 
the shaft 36, such that the inside of the solenoid section 
contains the pressure Pel . 

25 [0030] As long as no control current is supplied to the 
solenoid coil 42 (FIG . 2) the valve element 21 fully opens 
valve seat 28, whereas the valve element 22 fully closes 
valve seat 29. The movable core 39 stays away from 
the fixed core 34 due to a balance between the spring 

30 loads of springs 32, 41 . The value of the pressure Pel 
in the pressure-regulating chamber 1 is held close to the 
valve of the discharge pressure Pd. The difference be- 
tween pressures acting at the opposite faces of each 
piston 6 is minimized. The wobble plate 4 is inclined by 

35 an inclination angle which minimizes the piston stroke 
length. The variable displacement compressor is con- 
trolled to the minimum displacement operation. 
[0031] As soon as maximum control current is sup- 
plied to the solenoid coil 42, the movable core 39 is at- 

40 tracted toward the fixed core 34 and moves upward. The 
valve element 21 fully closes valve seat 28, and the 
valve element 22 fully opens valve seat 29. In addition 
to refrigerant introduced from the pressure- regulating 
chamber 1 into the suction chamber 9 via the orifice 13, 

45 refrigerant will flow from port 46 through valve seat 29 
and will be introduced into the suction chamber 9 via the 
port 44. Since the amount or flow rate of refrigerant in- 
troduced from the pressure-regulating chamber 1 into 
the suction chamber 9 is increased, it is possible to in- 

50 crease the speed or to shorten the transition time until 
the operating displacement is maximized. 
[0032] During normal control with a predetermined 
control current for the solenoid coil 42, the movable core 
39 is attracted toward the fixed core 34 and moved up- 

55 . ward, according to the magnitude of the control current. 
The valve element 22 clears valve seat 28 only when 
the differential pressure between the discharge pres- 
sure Pd and the suction pressure Ps exceeds a prede- 
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termined reference value. In short, during normal con- 
trol, the displacement control valve 11 is operating as a 
differential pressure valve. 

[0033] In the variable displacement compressor of 
Fig. 3, which is structured similar to the one in Fig. 1 , a 5 
second embodiment of the displacement control valve 
60 comprising two valves is arranged as in Fig. 1 . Nor- 
mal operation is performed as described in connection 
with Fig. 1 The transition to the minimum displacement 
operation is performed, as described in connection with 
Fig. 1 . The adjustment to a maximum displacement op- 
eration of the compressor is carried out as described for 
Fig. 1. 

[0034] In the second embodiment of the displacement 
control valve 60 of Fig. 4, two valve elements 61 , 62 are 
located opposite to each other with a transmission shaft 
63 arranged between them. The valve elements 61 , 62 
move along a common axis. The two valve structures 
are interlocked by the transmission shaft 63. The valve 
element 61, as viewed in the figure, is integrally upper 
formed with a piston 64 forming a pressure-sensing por- 
tion, a shaft 65 connecting the valve element 61 and the 
piston 64, and an axial communication hole 66. Similar- 
ly, the lower valve element 62 is integrally formed with 
a piston 67 forming a pressure-sensing portion, a shaft 
68 between the valve element 62 and the piston 67, and 
an axial inner communication hole 69. Each valve ele- 
ment 61 , 62 has an end face in abutment with the trans- 
mission shaft 63. The respective end face is formed with 
a step (not shown in detail) allowing communication de- 
spite the abutment between the communication hole 66 
(69) and a space where the valve element 61 (62) is 
located. 

[0035] A valve seat 70 for the valve element 61 is 
formed by the lower end, as viewed in the figure, of a 
central cylinder bore of a body 71 axially guiding the pis- 
ton 64. The valve seat 70 has an inner diameter slightly 
larger than the inner diameter of the cylinder bore guid- 
ing the piston 64. The valve element 61 is biased in 
valve-opening direction by a spring 72. 
[0036] The body 71 is fitted into an upper opening of 
a body 73 having a central hole extending downward 
from the upper opening. The hole has four stepwise se- 
quentially reduced-diameter portions. A first reduced-di- 
ameter portion receives a holder 74 axially guiding the 
transmission shaft 63. An opening mouth of a step to a 
next reduced-diameter portion forms a valve seat 75 for 
the valve element 62. A next reduced-diameter portion 
forms a cylinder bore for axially guiding the piston 67. A 
next reduced-diameter portion forms a guide for axially 
slidably holding a shaft 76 of a solenoid section. The 
lower portion of the body 73 forms a fixed core 78. 
[0037] The body 73 is screwed into an upper opening 
of a body 79. The upper end of a sleeve 80 closed by a 
stopper 81 is fixed to a lower opening of the body 79. 
Within sleeve 80, the lower end of the shaft 76 is axially 
guided by a guide 82 provided in the stopper 81 . A mov- 
able core 83 is fitted on the lower portion of the shaft 76. 
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The movable core 83 has an upper end for abutment 
with a stopper ring 84 fitted on the shaft 76, and is urged 
upward, as viewed in the figure, by a spring 85 abutting 
at the guide 82. The sleeve 80 is surrounded by a sole- 
noid coil 86. 

[0038] The body 71 has a hole communicating with a 
central space through which the shaft 65 extends. The 
hole forms a port 87 for the discharge pressure Pd. A 
strainer 88 covers the port 87. The body 73 has a hole 
communicating with a space receiving the valve ele- 
ment 61 . The hole forms a port 89 for pressure Pel to 
the pressure-regulating chamber 1 . The body 73 has a 
further lateral hole communicating with a space receiv- 
ing the valve element 62. The hole forms a port 90 for 
introducing pressure Pc2. The body 73 further has a lat- 
eral hole for communication with a central space 
through which the shaft 68 extends. The body 79 is 
formed with a lateral hole communicating with the hole 
of the body 73. Both holes define a port 91 communi- 
cating with the suction chamber 9 under the suction 
pressure Ps. 

[0039] The body 73 has O-rings 92, 93 above and be- 
low the port 89. The body 79 has O-rings 94, 95 above 
and below the port 91 . Contacting portions of the bodies 
73, 79 close to the solenoid section are sealed with re- 
spect to the port 91 by an O-ring 96. 
[0040] The discharge pressure Pd at port 87 is applied 
to the piston 64 and the valve element 61 in opposite 
axial directions. When the effective pressure-receiving 
area of the valve element 61 is represented by A, and 
that of the piston 64 by B, a force of Pd • A acts down- 
ward, as viewed in the figure, on the valve element 61 , 
while a force of Pd • B acts upward on the piston 64. 
Between the effective pressure- receiving areas A, B of 
the valve element 61 and the piston 64, A > B holds, and 
hence, a force of Pd (A — B) acts on the valve element 
61 and the piston 64 in the downward direction for open- 
ing the valve. The area difference (A — B) e.g. corre- 
sponds to the effective pressure- receiving area of the 
conventional valve element. According to the present in- 
vention, however, although the large sized valve ele- 
ment 61 has a large effective pressure- receiving area A 
allowing an increased amount or flow rate of refrigerant 
Pd acting on the valve element 61 in the valve-opening 
direction generates only the small differential force Pd 
(A — B). The pressure Pel at port 89 is applied to a 
back pressure chamber-side face of the piston 64 via 
the central communication hole 66, so that the influence 
of the pressure Pel upon the valve element 61 is can- 
celed. Thus, the piston 64 integrally formed with the 
valve element 61 has a different pressure-receiving ar- 
ea than the valve element 61 . This makes it possible to 
provide a valve having a small pressure-receiving area, 
irrespective of the actual valve size. 
[0041] Similarly, a force of Ps (A — B) acts on the 
valve element 62 and the piston 67 in the valve-opening 
direction. The pressure Pc2 at port 90 is applied to a 
back pressure chamber-side face of the piston 67 via 
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the central communication hole 69, so that the influence 
of the pressure Pc2 upon the valve element 62 is can- 
celed. The ratio between the effective pressure-receiv- 
ing areas of the valve element 62 and the piston 67 is 
set to be equal to the ratio between the effective pres- 
sure-receiving areas of the valve element 61 and the 
piston 64. Therefore, the valve elements 61, 62 in op- 
posed arrangement form a differential pressure valve 
operating in response to a differential pressure between 
the discharge pressure Pd and the suction pressure Ps. 
[0042] The pressure Pc2 at port 90 is supplied via the 
communication hole 69 to a space forming the back- 
pressure chamber of the piston 67, and passes through 
a clearance between the fixed core 78 and the shaft 76, 
a space between the fixed core 78 and the movable core 
83, a clearance between the sleeve 80 and the movable 
core B3, and a clearance between the movable core 83 
and the stopper 81 , i.e. the internal part of the displace- 
ment control valve 60 closer to the solenoid section with 
respect to the O-ring 96 contains the pressure Pc2 (= 
Pc). 

[0043] As long as no control current is supplied to the 
solenoid coil 86 (FIG. 4), the valve element 61 fully 
opens valve seat 70, whereas the valve element 62 fully 
closes valve seat 75. The movable core 83 stays away 
from the fixed core 78 due to a balance between the 
spring loads of spring 72, 85. The value of the pressure 
Pel in the pressure-regulating chamber 1 is held close 
to the value of the discharge pressure Pd. The differ- 
ence between the pressures applied to the respective 
opposite faces of the pistons 6 is minimized. The wobble 
plate 4 has an inclination angle which minimizes the pis- 
ton stroke length. The variable displacement compres- 
sor performs the minimum displacement operation. 
[C044J As soon as a maximum control current is sup- 
plied to the solenoid coil 86 the movable core 83 is at- 
tracted towardthe fixed core 78 and moved upward. The 
valve element 61 fully close valve seat 70" the valve el- 
ement 62 fully opens the valve seat 75. In addition to 
refrigerant flowing from the pressure- regulating cham- 
ber 1 into the suction chamber 9 via the orifice 13 : re- 
frigerant flows from port 90 through vaJve seat 75 and 
into the suction chamber 9 via port 9 1 . Since the amount 
or flow rate of refrigerant introduced from the pressure- 
regulating chamber 1 into the suction chamber 9 is in- 
creased, it is possible to increase the speed or shorten 
the time until the operating displacement is maximized. 
[0045] During normal control by a predetermined con- 
trol current supplied to the solenoid coil 86 ; the movable 
core 83 is attracted toward the fixed core 78 and moved 
upward, as viewed in the figure, however only according 
to the magnitude of the control current. The valve ele- 
ment 62 opens valve seat 75 only when the differential 
pressure between the discharge pressure Pd and the 
suction pressure Ps exceeds a predetermined refer- 
ence value. During normal control, the displacement 
control valve 60 operates as a differential pressure 
valve. 
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[0046] The displacement control valve 60a according 
to the third embodiment of Fig. 5 has a different structure 
for canceling the influences of the pressures Pel , Pc2 
on the valve elements 61 , 62. More specifically, a one- 

5 piece member formed by the valve element 61 , a piston 
64, and a shaft 65, and a one-piece member formed by 
the valve element 62, a piston 67, and a shaft 68 are 
each formed as a solid member without axial communi- 
cation holes. In this case, the body 71 is formed with a 

10 communication hole 97 for introducing the pressure Pel 
into a back pressure chamber of the piston 64. The body 
73 is formed with a communication hole 77 opening into 
a space forming a back pressure chamber of the piston 
67 and forms a clearance between respective portions 

15 of fixed core 78 and sleeve 80 close to the solenoid sec- 
tion with respect to O-ring 96. The displacement control 
valve 60a of Fig. 5 operates similarly to the displace- 
ment control valve 60 of Fig. 4. 

[0047] In the variable displacement compressor of 

20 Fig. 6 the fourth embodiment of the displacement control 
valve 1 00 comprises two valves and is arranged at an 
intermediate portion of a refrigerant passage 10a, 10b 
extending from the discharge chamber 10 to the pres- 
sure-regulating chamber 1 and in a refrigerant passage 

25 1 a, 1 b communicating the pressure-regulating chamber 
1 and the suction chamber 9. The two refrigerant pas- 
sages 10a, 10b, 1a, 1b share the passage portion 10b, 
1a between the displacement control valve 100 and the 
pressure- regulating chamber 1 . 

30 [0048] During normal operation, responsive to dis- 
charge pressure Pd of the refrigerant within the dis- 
charge chamber 1 0, the displacement control valve 1 00 
controls the amount or flow rate of refrigerant introduced 
into the pressure-regulating chamber 1 and the amount 

35 of refrigerant which is part of refrigerant to be introduced 
into the pressure- regulating chamber 1 but is supplied 
into the suction chamber 9 in a bypassing manner, such 
that the differential pressure between the discharge 
pressure Pd and a suction pressure Ps is maintained at 

40 a predetermined differential pressure value. As a result, 
the pressure Pc in the pressure-regulating chamber 1 is 
held at a predetermined value, and the displacement of 
the cylinders 5 is controlled to a predetermined value. 
Thereafter, the pressure Pc in the pressure-regulating 

45 chamber 1 is returned to the suction chamber 9 via ori- 
fice 13. 

[0049] The transition to the minimum displacement 
operation is performed as described for Fig. 1 . 
[0050] The transition to the maximum displacement 

50 operation is performed, rapidly as described for Fig. 1 . 
[0051] In the fourth embodiment of the displacement 
control valve 1 00 of Fig. 7, the two valve elements 1 01 , 
102 are moveably arranged directly opposed to each 
other such that they move along a common axis. The 

55 upper valve element 1 01 , as viewed in the figure, is in- 
tegrally formed with a piston 103 forming a pressure- 
sensing portion, a shaft 104 between the valve element 
101 and the piston 103 and an axial communication hole 
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105. Similarly, the lower valve element 102 is integrally 
formed with a piston 106 forming a pressure-sensing 
portion, a shaft 1 07 between the valve element 1 02 and 
the piston 106. and an axial communication hole 108. 
The valve elements 101, 102 have end faces abutting 
each other, and each formed with a step (not shown in 
detail) allowing communication between the communi- 
cation hole 1 05 (108) and a space where the valve ele- 
ment 101 (102) is located. 

[0052] A valve seat 109 for the valve element 1 01 is 
formed by the lower end of a body 110 axially guiding 
the piston 1 03. The valve seat inner diameter is slightly 
larger than the diameter of the piston 103. The valve 
element 101 is biased in valve-opening direction by a 
spring 112 arranged between an E-shaped stoppering 
111 on the valve element 101 and the body 110. 
[0053] The body 110 is fitted in an upper opening of 
a body 113. The body 113 has a bore having three step- 
wise sequentially reduced-diameter portions. An open- 
ing mouth in a step to a first reduced-diameter portion 
forms a valve seat 114 for the valve element 102. The 
next reduced-diameter portion defines a cylinder bore 
for axially guiding the piston 106. The next reduced-di- 
ameter portion forms a guide bore axially guiding a shaft 
115. The body 113 has a communication hole 116 par- 
allel to the axis. The lower end of the communication 
hole 116 communicates with a lateral communication 
hole between the guide bore of the shaft 115 and the 
outer periphery of the body 113. The lower portion of the 
body 113 forms the fixed core 117 of the solenoid sec- 
tion. 

[0054] The body 1 1 3 is threaded into the upper open- 
ing of a body 11 8. The upper end of a sleeve 119 closed 
by a stopper 1 20 is fixed in a lower opening of the body 
118. In sleeve 119, the lower end of the shaft 115 is ax- 
ially guided by a guide 121 . A movable core 122 is fitted 
on the lower portion of the shaft 1 1 5. The movable core 

122 has an upper end for abutment with a stopper ring 

123 fitted on the shaft 115, and is urged upward, as 
viewed in the figure, by a spri ng 1 24 abutting at the guide 
121. The sleeve 119 is surrounded by a solenoid coil 
125. 

[0055] The body 110 has a lateral hole communicat- 
ing with a central space through which the shaft 1 04 ex- 
tends, and the hole forms a port 126 for the discharge 
pressure Pd. A strainer 127 covers the port 126. The 
body 1 1 3 has a lateral hole communicating with a central 
space formed in the upper opening portion thereof, and 
the hole forms a port 128 for introducing pressure Pc 
into the pressure-regulating chamber 1 . Further, the 
body 1 1 3 has a lateral hole communicating with a central 
space through which the shaft 107 extends. The body 
118 has a lateral hole communicating with the hole of 
the body 1 1 3 and forming a port 1 29 communicating with 
the suction chamber 9. 

[0056] The body 113 has an O-ring 130 between the 
port 1 26, 1 28, while the body 1 1 8 has O-rings 1 31 , 1 32 
above and below the port 129. Contacting portions of 



the body 113 and the body 118 close to the solenoid 
section with respect to the port 129 are sealed by an O- 
ring 133. 

[0057] The discharge pressure Pd at port 126 is ap- 

5 plied to the piston 1 03 and the valve element 1 01 in op- 
posite axial directions. When the effective pressure-re- 
ceiving area of the valve element 1 01 is represented by 
A, and that of the piston 1 03 by B, a force of Pd • A acts 
downward, as viewed in the figure, on the valve element 

10 101 , while a force of Pd • B acts upward, as viewed in 
the figure, on the piston 1 03. Between the effective pres- 
sure-receiving area A of the valve element 101 and the 
effective pressure-receiving area B of the piston 1 03, A 
> B holds, and hence, after all, a force of Pd (A — B) 

15 acts on the valve element 1 01 and the piston 1 03 in the 
downward direction, as viewed in the figure, for opening 
the valve. The difference area (A — B) corresponds e. 
g. to the entire effective pressure-receiving area of the 
conventional valve element. According to the present in- 

20 vention, however, although the large sized valve ele- 
ment 1 01 has the large effective pressure-receiving ar- 
ea A which when fully opened allows an increased 
amount or flow rate of refrigerant, discharge pressure 
Pd acts on the valve element 101 in the valve-opening 

25 direction only with a limited small differential force Pd (A 
— B). Moreover, pressure Pc at port 128 is applied to 
a back pressure chamber-side face of the piston 1 03 via 
the central communication hole 105, so that the influ- 
ence of the pressure Pc upon the valve element 1 01 is 

30 canceled. The piston 103 integrally formed with the 
valve element 1 01 has a different pressure-receiving ar- 
ea than the valve element 101 . This makes it possible 
to provide a valve operating with a small pressure-re- 
ceiving area, irrespective of the actual valve size. 

35 [0058] Similarly, the differential force Ps. (A — B) acts 
on the valve element 102 and the piston 106 in valve- 
opening direction. The pressure Pc at port 1 28 is applied 
to a back pressure chamber-side face of the piston 1 06 
via the central communication hole 108, so that the in- 

40 fluence of the pressure Pc upon the valve element 1 02 
is canceled. The ratio between the effective pressure- 
receiving areas of the valve element 1 02 and the piston 
106 is set to be equal to the ratio between the effective 
pressure-receiving areas of the valve element 101 and 

45 the piston 1 03. Therefore, the valve elements 101 , 1 02 
in opposed arrangement commonly operate as a differ- 
ential pressure valve in response to a differential pres- 
sure between the discharge pressure Pd and the suction 
pressure Ps. 

50 [0059] The pressure Pc at port 128 is supplied via 
communication hole 116 to a gap between the sleeve 
1 1 9 and the fixed core 117 and the movable core 1 22 , 
a space between the fixed core 117 and the movable 
core 122, and a gap between the movable core 122 and 

55 the stopper 1 20, so that the inside of the solenoid sec- 
tion contains the pressure Pc. 

[0060] As long as no control current is supplied to the 
solenoid coil 125 in FIG. 7, the valve element 101 fully 
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opens valve seat 1 09, whereas the valve element 1 02 
fully closes valve seat 1 1 4. The movable core 1 22 stays 
away from the fixed core 1 1 7 due to a balance between 
spring loads of the springs 112, 124. The value of the 
pressure Pc in the pressure-regulating chamber 1 is 
held close to the value of the discharge pressure Pd, 
and hence the difference between pressures applied to 
the respective opposite faces of the pistons 6 is mini- 
mized. The wobble plate 4 has an inclination angle 
which minimizes the piston stroke length for controlling 
the minimum displacement operation. 
[0061] As soon as a maximum control current is sup- 
plied to the solenoid coil 125, the movable core 122 is 
attracted toward the fixed core 1 1 7 and moved upward, 
as viewed in the figure, until the valve element 101 fully 
closes valve seat 109, and the valve element 102 fully 
opens valve seat 114. In addition to refrigerant leaking 
from the pressure-regulating chamber 1 into the suction 
chamber 9 via the orifice 13, refrigerant will flow from 
port 1 28 through the valve seat 1 1 4 and via the port 1 29 
into the suction chamber 9. Since the amount of refrig- 
erant introduced from the pressure-regulating chamber 
1 into the suction chamber 9 is increased, it is possible 
to increase the speed at which the operating displace- 
ment is maximized. 

[0062] During normal control by a predetermined con- 
trol current supplied to the solenoid coil 125, the mova- 
ble core 122 is attracted toward the fixed core 11 7 and 
moved upward, with a force according to the magnitude 
of the control current. The valve element 102 clears 
valve seat 114 only when the differential pressure be- 
tween the discharge pressure Pd and the suction pres- 
sure Ps exceeds a predetermined reference value. In 
short, during normal control, the displacement control 
valve 1 00 operates as a differential pressure valve. 
[0063] The fifth embodiment of the displacement con- 
trol valve 1 00a of Fig. 8 has a different structure for can- 
celing the influence of the pressure Pc upon valve ele- 
ments 101,1 02. More specifically, the one-piece mem- 
bers formed by the valve element 101, the piston 103 
and the shaft 104, and by the valve element 102, the 
piston 103 and the shaft 107 are each formed without 
axial communication holes. In this case, the body 110 
has a communication hole 1 34 for introducing the pres- 
sure Pc into a back pressure chamber of the piston 1 03. 
Further, the body 113 is formed with a communication 
hole 116 opening into a space forming a back pressure 
chamber of the piston 1 06. The body 1 1 3 has a gap be- 
tween respective portions of the fixed core 117 and the 
sleeve 119 close to the solenoid section with respect to 
O-ring 133. The displacement control valve 100a oper- 
ates similarly to the displacement control valve 1 00 of 
the fourth embodiment. 



Claims 

1. A variable displacement compressor including a 



wobble member (4) arranged in an airtight pres- 
sure-regulating chamber (1), such that an inclina- 
tion angle of the wobble member (4) can be 
changed with respect to a rotational shaft (2), driv- 

5 ing the wobble member for a wobbling motion, and 

pistons (6) connected to the wobble member for 
performing reciprocating motions in directions par- 
allel to the rotational shaft in accordance with the 
wobbling motion of the wobble member, to thereby 

10 draw refrigerant from a suction chamber (9) into a 
cylinder (5), compress the refrigerant, and deliver 
the compressed refrigerant from the cylinder to a 
discharge chamber (1 0), 

characterized in that a flow rate of the refrigerant 
15 flowing in a first refrigerant passage (10a, 10b) ex- 
tending from the discharge chamber (10) to the 
pressure-regulating chamber (1) and a flow rate of 
the refrigerant flowing in a second refrigerant pas- 
sage (1 a, 1 b) extending from the pressure-regulat- 
20 ing chamber (1 ) to the suction chamber (9) are con- 
trolled in an interlocked fashion such that the first 
refrigerant passage and the second refrigerant pas- 
sage are opened and closed, based on a change in 
a differential pressure between pressure (Ps) in the 
25 suction chamber (9) and pressure (Pd) in the dis- 

charge chamber (10). 

2. The variable displacement compressor as in claim 
1, characterized in that the first refrigerant pas- 

30 sage extends in parallel with a first orifice (12) for 
introducing the refrigerant from the discharge 
chamber (1 0) into the pressure-regulating chamber 
(1), while the second refrigerant passage extends 
in parallel with a second orifice (13) for introducing 

35 - the refrigerant from the pressure-regulating cham- 
ber (1 ) to the suction chamber (9). 

3. The variable displacement compressor as in claim 
1 , characterized in that when the compressor is 

40 operated with a minimum operating displacement, 
the first refrigerant passage is fully opened, and the 
second refrigerant passage fully closed, whereas 
when the compressor is operated with a maximum 
operating displacement, the first refrigerant pas- 

45 sage is fully closed, and the second refrigerant pas- 
sage fully opened. 

4. The variable displacement compressor as in claim 
1 , characterized by a solenoid controlled displace- 
so ment control valve (11; 60; 60a; 100; 100a) com- 
prising a first valve (21 , 28; 61 , 70; 1 01 , 1 09) in the 
first passage (1 0a, 1 0b) and a second valve (22, 29; 
62, 75; 1 02, 114) in the second passage (1 , 1a, 1b), 
each valve consisting of a valve element and a 

55 valve seat, 

both valve elements being mechanically interlocked 
for common alternating opening and closing travels 
relative to the associated valve seat, 
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the valve element (21 , 61 , 1 01 ) of the first valve be- 
ing loaded on an effective pressure receiving area 
(A) by the discharge chamber pressure (Pd) in valve 
opening direction, 

at least the valve element (21 , 61 , 101) of the first 
valve being integrally connected to a pressure re- 
sponsive piston-like component (25; 64; 103) guid- 
ed in sealed fashion for common travel with the 
valve element, 

the component defining an effective discharge 
chamber pressure receiving area (B) only slightly 
smaller than the effective discharge chamber pres- 
sure receiving area (A) of the valve element (21 ; 61 ; 

101) , 

the pressure responsive component being loaded 
by the discharge chamber pressure (Pd) in valve 
closing direction of the valve element, 
the solenoid force generated by current supplied to 
a solenoid section acting on the valve element of 
the first valve in valve closing direction counter to 
at least a differential force generated by the dis- 
charge chamber pressure (Pd) on the effective 
pressure receiving areas difference (A — B). 

5. The variable displacement compressor as in claim 
4, characterized in that the valve element (22; 62; 

1 02) of the second valve is actuable by a pressure 
responsive piston-like component (25; 67; 106) 
guided in sealed fashion for common travel with the 
valve element, 

the pressure responsive piston-like component de- 
fining an effective pressure receiving area (B) only 
slightly smallerthan the effective pressure receiving 
area (A) of the valve element (22; 62; 102), 
the pressure responsive component (25; 67; 106) 
being loaded by the suction chamber pressure (Ps) 
in valve closing direction of the valve element. 

6. The variable displacement compressor as in claims 
4 and 5, characterized in that both respective ra- 
tios (A:B) between the effective pressure receiving 
area of each valve element and the associated pis- 
ton-like component are equal. 

7. A displacement control valve (11, 60, 60a, 100, 
100a) for a variable displacement compressor, for 
controlling an amount of refrigerant introduced from 
a discharge chamber (10) into a pressure-regulat- 
ing chamber (1), such that a differential pressure 
between pressure in a suction chamber (9) and 
pressure in the discharge chamber (10) is main- 
tained at a predetermined differential pressure val- 
ue, to thereby change an amount of the refrigerant 
discharged from the variable displacement com- 
pressor, 

characterized by: 

first and second valve elements (21 , 22; 61 , 62; 
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1 01 , 102) operated in an interlocked fashion for 
alternatingly opening and closing valve seats 
(28, 29; 70, 75; 100 t 114) in a refrigerant pas- 
sage extending between the discharge cham- 

5 ber (10) and the pressure-regulating chamber 

(1) and a refrigerant passage extending be- 
tween the pressure-regulating chamber (1 ) and 
the suction chamber (9), respectively; and 
a solenoid section for commonly applying a so- 

10 lenoid force corresponding to the predeter- 

mined differential pressure to the first and sec- 
ond valve elements (21 , 22; 61 , 62; 1 01 , 1 02). 

8. The displacement control valve as in claim 7, char- 
*5 acterized in that a central shaft (25) axially mova- 

bly held by a holder (24) fluidly separating the first 
valve element (21) and the second valve element 
(22) from each other and having a smaller pressure- 
receiving area (B) than the pressure receiving areas 

20 (A) of the first and second valve elements has op- 

posite ends one of which has the first valve element 
(21 ) fixed thereto via an end shaft (26) thinner than 
the central shaft (25) and the other of which has the 
second valve element (22) in abutment therewith 

25 via an end shaft (27) thinner than the central shaft 
(25), with discharge pressure (Pd) from the dis- 
charge chamber (10) being applied between the 
first valve element (21) and the central shaft (25), 
and suction pressure (Ps) from the suction chamber 

30 (9) being applied between the second valve ele- 
ment (22) and the central shaft (25), and wherein at 
the same time, a downstream side of the first valve 
element (21) and a upstream side of the second 
valve element (22) are commu nicated with the pres- 

35 sure-regulating chamber (1 ) by respective two pas- 
sages independent of each other. 

9. The displacement control valve as in claim 8, char- 
acterized in that the solenoid section is arranged 

40 at the side of the first valve element (21), and a shaft 
(36) of the solenoid section for applying the solenoid 
force to the first valve element (21) is in abutment 
with the first valve element (21). 

45 io. The displacement control valve as in claim 9, char- 
acterized in that the first valve element (21), the 
central shaft (25), and both thinner end shafts (26, 
27) of the central shaft (25), are integrally formed 
with each other, the second valve element (22) be- 

50 jng held in abutment at the end shaft (27) at the op- 
posite side of the first valve element (21). 

1 1 . The displacement control valve as in claim 7, char- 
acterized in that the first and second valve ele- 
55 ments (61 , 62) are arranged opposed to each other 
on an identical axis in an axially movable fashion, 
that each valve element (61 , 62) is integrally formed 
with an axial shaft (65, 68) and an axially outwardly 
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located piston (64, 67) having a smaller pressure- 
receiving area (B) than the valve element, that a 
holder (74) fluidly separates the valve elements 
from each other, and that a transmission shaft (63) 
is sandwiched between the valve elements for axi- 
ally moving the valve elements in an interlocking 
fashion, axially slidably guided by the holder (74), 
that discharge pressure (Pd) from the discharge 
chamber (10) is applied between the first valve el- 
ement (61) and the piston (64), and suction pres- 
sure (Ps) from the suction chamber (9) is applied 
between the second valve element (62) and the pis- 
ton (67), and that at the same time, a downstream 
side of the first valve element (61 ) and a upstream 
side of the second valve element (62) commu nicate 
with the pressure-regulating chamber (1) by two in- 
dependent passages. 

12. The displacement control valve as in claim 8, char- 
acterized in that a first communication hole (66; 
97) extends between a back pressure chamber of 
the piston (64) and the downstream side of the first 
valve element (61 ) : for introducing pressure (Pel) 
from the pressure- regulating chamber (1), and that 
a second communication hole (69; 77) extends be- 
tween a back pressure chamber of the piston (67) 
and the upstream side of the second valve element 
(62), for introducing pressure (Pc2) from the pres- 
sure-regulating chamber (1). 

1 3. The displacement control valve as in claim 12, char- 
acterized in that the first communication hole (66) 
extends along the axis of the first valve element 
(61), the shaft (65), and the piston (64), integrally 
formed with each other, that the second communi- 
cation hole (69) extends along the axis of the sec- 
ond valve element (62), the shaft (68), and the pis- 
ton (67), integrally formed with each other, and that 
portions of the valve elements (61, 62) abutting at 
the transmission shaft (63) communicate with the 
first and second communication holes (66, 69), re- 
spectively, preferably via stepped abutment faces 
of the respective valve element (61 , 62) and/or of 
the transmission shaft (63). 

14. The displacement control valve as in claim 12, char- 
acterized in that the first communication, hole (97) 
extends through a first body (71 ) providing a valve 
seat (70) for the first valve element (61), and that 
the second communication hole (77) extends 
through a second body (73) providing a valve seat 
(75) for the second valve element (62). 

15. The displacement control valve as in claim 1 1 , char- 
acterized in that a body (73) providing a valve seat 
(75) for the second valve element (62) and defining 
a cylinder bore slidably guiding the piston (67) is in- 
tegrally formed with a fixed core (78) of the solenoid 



section. 

16. The displacement control valve as in claim 7, char- 
acterized in that the valve elements (1 01 , 1 02) are 

5 commonly movably arranged opposed to each oth- 

er on a common axis and directly abut each other, 
that each valve element (101, 102) is integrally 
formed with an axial shaft (104, 107) and an out- 
wardly located piston (103, 106) having a smaller 

10 pressure-receiving area (B) than the valve element, 
that discharge pressure (Pd) from the discharge 
chamber (10) is applied between the first valve el- 
ement (101) and the piston (103), that suction pres- 
sure (Ps) from the suction chamber (9) is applied 

15 between the second valve element (102) and the 
piston (106) : and that pressure (Pc) from the pres- 
sure-regulating chamber (1) is applied to portions 
of the directly abutting valve elements (101, 1 02). 

20 17. The displacement control valve as in claim 16, char- 
acterized by first and second communication holes 
(105, 108; 134, 116) for introducing the pressure 
(Pc) from the pressure-regulating chamber (1) into 
back pressure chambers of the pistons (1 03, 1 06). 

25 

1 8. The displacement control valve as in claim 1 7, char- 
acterized in that the first communication hole (1 05) 
extends along the axis of the first valve element 
(1 01 ), the shaft (1 04), and the piston (1 03), integral- 
30 |y formed with each other, that the second commu- 
nication hole (108) extends along the axis of the 
second valve element (102), the shaft (107), and 
the piston (106), integrally formed with each other, 
and that the portions of the abutting valve elements 
35 (101 , 102) communicate with the first and second 
communication holes (105, 108), preferably via a 
stepped abutment face of at least one of the valve 
elements. 

40 19. The displacement control valve as in claim 18, char- 
acterized in that the first communication hole (1 34) 
extends through a first body (11 0) providing a valve 
seat (109) for the first valve element (101), and that 
the second communication hole (116) extends 
45 through a second body (113) providing a valve seat 
(114) for the second valve element (102). 

20. The displacement control valve as in claim 1 8, char- 
acterized in that a body (113) providing a valve 
so seat (114) for the second valve element (102) and 
a cylinder bore slidably guiding the piston (106) is 
integrally formed with a fixed core (117) of the so- 
lenoid section. 

55 21 . The displacement control valve as in claim 7, char- 
acterized in that without control current the second 
valve element between the pressure-regulating 
chamber (1 ) and the suction chamber (9) maintains 
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a closed state, while the first valve element between 
the discharge chamber (10) and the pressure-reg- 
ulating chamber (1) maintains an open state with a 
maximum valve opening degree for controlling the 
operating displacement of the variable displace- 5 
ment compressor to a minimum, and that with max- 
imum control current supplied to the solenoid sec- 
tion; the second valve element between the pres- 
sure-regulating chamber (1 ) and the suction cham- 
ber (9) is in an open state with maximum valve 10 
opening degree, while, the first valve element be- 
tween the discharge chamber (10) and the pres- 
sure-regulating chamber (1) is in a closed state, for 
controlling the operating displacement of the varia- 
ble displacement compressor to a maximum. *5 

22. The displacement control valve as in claim 7, char- 
acterized in that the valve is implemented into a 
variable displacement compressor in a refrigeration 
cycle causing a refrigerant, preferably C0 2> to per- 20 
form refrigerating operation in a supercritical region 
with the refrigerant temperature above a supercrit- 
ical refrigerant temperature. 
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